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SYSTEMATIC MAP PROTOCOL
Spatial and temporal scales of coral reef 
fish ecological research and management: 
a systematic map protocol
Alice Lawrence1* , Adel Heenan1, Arielle Levine2, Neal R. Haddaway3,4,5,6, Farrah Powell2, Lisa Wedding7, 
Ronan Roche1, Peter Lawrence1, Claire Szostek1, Helen Ford1, Lucy Southworth1, Sivajyodee Sannassy Pilly1, 
Laura E. Richardson1 and Gareth J. Williams1
Abstract 
Background: Coral reefs are rapidly changing in response to local and global stressors. Research to better under-
stand and inform the management of these stressors is burgeoning. However, in situ studies of coral reef ecology are 
constrained by complex logistics and limited resources. Many reef studies are also hampered by the scale-dependent 
nature of ecological patterns, and inferences made on causal relationships within coral reef systems are limited by the 
scales of observation. This is because most socio-ecological studies are conducted at scales relevant to the phenom-
enon of interest. However, management often occurs across a significantly broader, often geopolitical, range of scales. 
While there is a critical need for incisive coral reef management actions at relevant spatial and temporal scales, it 
remains unclear to what extent the scales of empirical study overlap with the scales at which management inferences 
and recommendations are made. This systematic map protocol will evaluate this potential scale mismatch with the 
goal of raising awareness about the significance of effectively addressing and reporting the scales at which research-
ers collect data and make assumptions.
Methods: We will use the Collaboration for Environmental Evidence (CEE) systematic mapping guidelines to identify 
relevant studies using a framework-based synthesis to summarise the spatial and temporal scales of coral reef fish 
ecology research and the scales at which management inferences or recommendations are made. Using tested pre-
defined terms, we will search for relevant published academic and grey literature, including bibliographic databases, 
web-based search engines, and organisational websites. Inclusion criteria for the evidence map are empirical studies 
that focus on coral reef fish ecological organisation and processes, those informing management interventions and 
policy decisions, and management documents that cite coral reef research for management decision-making. Study 
results will be displayed graphically using data matrices and heat maps. This is the first attempt to systematically 
assess and compare the scales of socio-ecological research conducted on coral reef systems with their management.
Keywords: Evidence map, Seascape ecology, Socio-ecological system, Spatio–temporal scale, Scale mismatch, 
Marine protected area, Coral reef fisheries, Reef fish ecology
© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/publi cdoma in/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
Background
There is increasing consensus that conventional 
approaches to natural resource management are inad-
equate to maintain ecological functions and sustain eco-
system services in the face of current and future global 
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and ecological interactions across spatial and temporal 
scales is considered one of the biggest challenges to effec-
tive management, and often mismatches occur between 
the scales of ecosystem observation, management deci-
sion-making, and the regulation of human impacts [4, 
5]. Given the variety of logistical and technological con-
straints that accompany data collection, our scales of 
observation often do not match the multiple scales at 
which drivers determine ecosystem dynamics [6–8]. Sub-
sequently, inferences for management derived from this 
empirical data are often made beyond the scale of study 
[4, 7, 9–11]. Although Socio-Ecological Systems (SES) 
management frameworks have improved the integra-
tion of social, natural, and governance systems [12–15], 
a multi-scale approach is crucial to better understand the 
interactions and feedbacks between them [16–19]. Coral 
reefs provide a useful lens to apply such an approach as 
a tightly coupled socio-ecological system [20], where 
ecological and social processes form a complex web of 
interactions across a range of spatial and temporal scales 
[21–23].
Mounting anthropogenic stressors have had adverse 
effects on the biodiversity and functioning of coral reef 
ecosystems [24–26] and their delivery of ecosystem ser-
vices such as food security, culture, tourism, recreation, 
and coastal protection [27]. Chief among these stressors 
are mass coral bleaching events associated with warm-
ing ocean temperatures that result in broad-scale coral 
mortality [28–31], and restructuring of coral reef fish 
assemblages [32, 33]. In some locations, these impacts 
are so severe they lead to ecosystem regime shifts away 
from hard calcifying corals to dominance by non-reef-
building organisms [34, 35]. In response to these threats, 
there has been a shift towards implementing broader-
scale management tools such as networks of Marine 
Protected Areas (MPA) for integrated conservation and 
fisheries management [36–38]. Although most broad-
scale threats are beyond the direct influence of local 
managers, management decisions are based on the best 
available scientific evidence, and interventions must 
often be implemented within existing broader govern-
ance structures [39–41]. Additional challenges for man-
agers arise from discrepancies in this evidence base, in 
particular related to the effectiveness of MPAs [1, 42, 43] 
and Herbivore Management Areas (HMAs) as tools to 
increase coral reef resiliency and prevent shifts [44–48]. 
Some of these inconsistencies may be due to the under-
lying complexities associated with coral reef ecosystem 
dynamics across scales and the failure to acknowledge 
observational scale limitations when making manage-
ment recommendations.
Herbivore grazing and behavioural studies show clear 
links between fishes and algal populations at small 
(1–10  m2) spatial scales [49, 50]. However, the impact 
of herbivorous fishes on benthic community states and 
reef resilience to climate change across larger scales 
remains debated [42]. Despite this, some countries have 
proceeded in implementing HMAs as part of a resilience-
based management strategy that controls the fishing of 
herbivores [48, 51, 52]. To improve the interpretation of 
ecological observations for management decisions such 
as HMAs, it is imperative that studies acknowledge and 
address scaling issues by considering the geography and 
local bounds on the system.
The importance of scale is evident in both the eco-
logical and social research domain. For example, coral 
reef benthic community composition, fish assemblage 
trophic structure and herbivore feeding behaviour and 
therefore functional impact varies across broad envi-
ronmental gradients (e.g. temperature, irradiance, and 
within reef system wave exposure) [53–56]. Similarly, 
governance structures and anthropogenic pressures (e.g. 
fishing, land-based pollution) vary across contexts and 
scales, influencing the state of coral reef ecosystems [57, 
58]. They also influence the scale at which data collection 
is needed to evaluate these pressures and the appropri-
ate management levers and governance levels for inter-
vention [1, 59–61]. As our understanding grows on how 
local context-dependent variability in social-ecological 
systems interacts with larger scale processes, the need for 
scale-dependent nuance in management recommenda-
tions will become more pressing.
Emergent technologies that can be used to monitor the 
marine environment at larger scales and at a higher reso-
lution [62, 63], will undoubtably facilitate a better under-
standing of multi- and cross-scale variability in these 
ecosystems [64, 65]. Integrating big data from new tech-
nologies with multi-scale social drivers and fine-scale 
ecological processes does have its associated challenges 
and significant practical hurdles [62, 63]. Nonetheless, 
recent attempts to integrate new technological tools 
with traditional research methods have shown promis-
ing results [66, 67], and should enable more effective and 
efficient monitoring if scaling issues are addressed as a 
critical requirement [6]. No matter how much multi-
scale data we may have access to in the future, in order 
to cross-calibrate, integrate and scale-up existing stud-
ies into this new big-data paradigm, there remains a key 
need to assess and take stock of the scale of the existing 
evidence base on coral reef socio-ecological research.
This paper presents a novel protocol to systemati-
cally map the scales of ecological and social data collec-
tion, and the scales at which researchers interpret data 
to make management inferences and recommendations. 
By doing so, we will highlight any mismatches in scale 
between the two with the goals of: (1) highlighting the 
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shortfall and implication of addressing and reporting 
the scales at which researchers collect data and make 
assumptions, (2) ensuring existing ecological and social 
observations are discussed and used as an evidence base 
within the bounds of their spatial and temporal domains, 
(3) highlighting priority scales for future ecological and 
social evidence that managers and policy makers need to 
make more informed decisions to combat current threats 
to coral reefs. The systematic evidence map will be cre-
ated by extracting and collating metadata from relevant 
studies, with a basic analysis of trends and patterns from 
which a full systematic review can be conducted at a later 
date.
Stakeholder engagement
The topic of this study was formulated by Project Team 
members, representing a broad range of research inter-
ests and expertise from the disciplines of ecology, 
geography and social science, some of whom are in reg-
ular contact with natural resource managers and deci-
sion makers. Given the scope of the project, it was not 
deemed necessary to consult with separate stakeholder 
groups during the development of the project objectives 
and methods.
Objective of the review
The primary research question of this systematic map is 
‘What are the spatial and temporal scales of coral reef 
fish ecological and social research and are these consist-
ent with the scales at which researchers make manage-
ment inferences and recommendations?’.
The systematic map will be built using the following 
predefined elements:
Population: shallow and mesophotic tropical coral reef 
ecosystems (0–150 m depth).
Phenomenon of interest: spatial and temporal 
scales investigated and discussed within coral reef 
research studies.
Context: ecological, social, and socio-ecological 
research and management literature.
The focus of the systematic map is on all tropi-
cal  coral reef-associated fish species, from shallow and 
mesophotic coral reef ecosystems. The systematic map-
ping process will involve assessing studies of these eco-
systems that focus either primarily on ecological, social, 
or those that integrate ecological and social research. 
The evidence base will be categorised using a data coding 
framework (Additional file 1) designed to explore the fol-
lowing secondary questions:
• Has there been a change in the spatial scales at which 
coral reef fish ecological and social research has been 
conducted over the last 10 years?
• Is there a mismatch between the scales at which eco-
logical data and social data are collected?
• Is there a mismatch between the scale of ecological 
and social data collection and the scales at which 
management inferences and recommendations are 
made?
• Is there a mismatch between the scale of the ecologi-
cal and social indicators used to assess management 
effectiveness and the scale of the policy or manage-
ment intervention?
• Of the studies identified, are there spatial patterns in 
scale mismatches and do they vary by region or by 
the scale at which the studies are conducted (i.e. at 
island or regional scale).
To clarify the key terms to be used in this study, Table 1 
lists the definitions of the terms used in this protocol 
document as relevant to the study objectives.
Methods
The systematic map protocol has been developed in 
accordance with the Collaboration for Environmental 
Evidence Guidelines and Standards for Evidence Synthe-
sis [68] and the ‘RepOrting standards for Systematic Evi-
dence Syntheses’ (ROSES) for systematic map protocols 
[69] (see Additional file 2). The PREDICTER tool (www. 
http://predi cter.org/) will be used to predict the number 
of days for each step of the process [70] to help to inform 
project scheduling and the Project Team members of 
project time commitments.
Table 1 Definitions of key terminology to be used in this study
Term Definition
Management effectiveness The degree to which a policy or intervention meets its stated goal and/or meets the broader goal of improving ecological 
or social conditions
Management intervention Direct actions (top-down or bottom-up), activities and/or policies designed to improve ecological and/or social conditions 
relating to coral reef ecosystems
Management inference An assumption about the effectiveness of management interventions, or a recommendation for interventions, based on 
study findings
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Searching for studies
Search string
This search strategy details the steps that we will take to 
ensure that a comprehensive and unbiased search is con-
ducted of the most relevant available knowledge. We will 
search multiple databases using keywords to search their 
title, abstract and keyword lists. Advanced search options 
will be utilised using phrases and Boolean operators 
and all options used will be recorded. The Project Team 
members compiled an extensive set of search terms rel-
evant to different elements of the primary question and 
a scoping exercise was conducted using Web of Science 
Core Collections to modify the search terms (see Addi-
tional file 3). The asterisk was used as a wildcard to allow 
for singular or plural words to be identified in the same 
search. A list of alternative terms was established with 
the aid of a thesaurus and screening of relevant citations. 
We will use the following search string:
(coral NOT temperate) AND (fish* OR detritivor* OR 
herbivor* OR browse* OR graze* OR scrape* OR exca-
vat* OR planktivor* OR omnivor* OR corallivor* OR 
invertivor* OR piscivor* OR carnivor*) AND (ecosyst* 
OR *ecolog* OR spatial OR temporal OR assemblage* 
OR composition OR population* OR communit* OR 
structure OR function* OR process* OR social OR socio* 
OR econom* OR human OR pressure OR manage* OR 
anthropo* OR conservation OR sustainab* OR livelihood 
OR well-being OR service OR "food security" OR seascape* 
OR watershed OR protect* OR subsist* OR fisher* OR gov-
ern* OR change OR recover* OR network OR reserve OR 
marine OR interven*).
The searches will be limited to studies published from 
2010 onwards in order to focus our study on the last dec-
ade of coral reef socio-ecological research. This particu-
lar time period has seen a noticeable increase in research 
that integrates social and ecological datasets to better 
understand socio-ecological systems [20] and studies that 
seek to understand the linkages between disturbances, 
ecological functioning, and ecosystem services [71].
Searching the literature
Searches for relevant published academic and grey litera-
ture will be conducted within (i) bibliographic databases, 
(ii) web-based search engines, and (iii) grey literature, 
including online publication databases and organisational 
websites and repositories. The literature will be searched 
in the English language with predefined search terms (see 
Additional file 4).
i) Bibliographic databases The following academic data-
bases will be searched to cover a range of time-periods, 
subjects, and geographical scope. Searches will be per-
formed across 6 databases, as listed in Table 2, using the 
predefined search string (see Additional file 4):
Search engines
The academic search engine Google Scholar will be used 
to search for relevant literature not identified by the bib-
liographic database search results. Search terms will be 
simplified by modifying the original search string (see 
Additional file  4: Table  S2) and limiting the search to 
studies published from 2010 onwards. The citations for 
the first 200 results will be extracted as citations and 
Table 2 List of  bibliographic databases to  be searched, including  specific indexes, platform, date ranges 
and subscription location information
Database Indexes Platform or Provider Date ranges available Subscription location
1 Web of Science Core Collections Clarivate Analytics 1970 to present Bangor University, UK
Sci-ELO (Scientific Electronic Library 
Online)
2002 to present
BIOSIS 1956 to present
2 Scopus n/a Elsevier 1788 to present Stockholm Environ-
ment Institute, 
Sweden
3 ProQuest SciTech Earth, Atmospheric & Aquatic 
Science Database (this database 
includes Aquatic Sciences and 
Fisheries Abstracts (ASFA) and 
Oceanic Abstracts)
Proquest 1946 to present Bangor University, UK
4 Springer Link Springer Nature Experiments Springer Nature 1980 to present Bangor University, UK
5 Green File n/a EBSCO 1926 to present Bangor University, UK
6 Directory of Open 
Access Journals 
(DOAJ)
n/a Directory of Open Access Journals Unknown Bangor University, UK
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added to the bibliographic databases records before 
removal of duplicates [72]. Documents will be down-
loaded using the free software ‘Publish or Perish’ (http://
www.harzi ng.com/resou rces/publi sh-or-peris h), and the 
free software Zotero (http://www.zoter o.org) will be used 
to download 20 full studies at a time [73].
ii) Searches for  grey literature The search for rele-
vant grey literature will include practitioner-generated 
research such as unpublished monitoring reports from 
government agencies, consultancies, thesis repositories, 
and organizational websites and databases. Specifically, 
the following websites and sources will be accessed:
• Open Grey European Government literature data-
base http://www.openg rey.eu
• Social-science Research Network (SSRN) www.ssrn.
com/en/
• ETHOS dissertation repositoryhttp://ethos .bl.uk/
Home.do
• EBSCO Open Dissertations https ://www.ebsco .com/
produ cts/resea rch-datab ases/ebsco -open-disse rtati 
ons
Searches will also be conducted across 29 relevant 
organisational websites, using simple search terms 
adapted from the search strategy. The websites were 
chosen to represent a diversity of information across all 
ocean basins. For each website, the first 100 results will 
be screened in  situ, and information from each search 
will be recorded and described in the final systematic 
map publication. Information will include website name, 
date accessed, search string, number of relevant studies 
identified at full text. Relevant full texts will be recorded 
for inclusion in the systematic map database. The follow-
ing organisational websites will be searched for relevant 
literature:
 1. Atlantic and Gulf Rapid Reef Assessment (AGRRA) 
Data Explorer—http://www.agrra .org/data-explo 
rer/
 2. Australian Institute of Marine Science (AIMS)—
https ://www.aims.gov.au/publi catio ns.html
 3. Commonwealth Scientific and Industrial Research 
Organisation (CSIRO)—https ://www.csiro .au/en/
Publi catio ns
 4. Convention on Biological Diversity (CBD)—https 
://www.cbd.int/infor matio n/libra ry.shtml 
 5. Great Barrier Reef Marine Park (GBRMP)—https 
://www.infor mit.org/index -produ ct-detai ls/REEF
 6. International Council for the Exploration of the Sea 
(ICES)—https ://www.ices.dk/Scien ce/publi catio 
ns/libra ry/Pages /defau lt.aspx
 7. International Coral Reef Initiative (ICRI)—https ://
www.icrif orum.org/publi catio ns-resou rces
 8. International Coral Reef Symposium (ICRS) con-
ference proceedings—http://coral reefs .org/publi 
catio ns
 9. International Union for Conservation of Nature 
(IUCN)—http://www.iucn.org/knowl edge/publi 
catio ns_doc/publi catio ns/
 10. MarXiv Papers—repository for ocean and marine 
climate science—https ://osf.io/prepr ints/marxi v
 11. National Center for Ecological Analysis & Synthe-
sis (NCEAS)—https ://www.nceas .ucsb.edu/
 12. National Park Service (NPS)—https ://www.libra 
ry.nps.gov/
 13. NOAA Science Centres—Pacific Islands (PIFSC) 
and Southeast (SEFSC)—https ://www.fishe ries.
noaa.gov/resou rces/all-scien ce
 14. NOAA Coral Reef Information System (CORIS)—
https ://www.coris .noaa.gov/
 15. North Pacific Marine Science Organisation 
(PICES)—https ://meeti ngs.pices .int/publi catio ns
 16. Open Communication for The Ocean (OCTO) 
Open Channels—https ://www.openc hanne ls.org/
liter ature 
 17. Pacific Island Protected Area Portal (PIPAP)—https 
://pipap .sprep .org/conte nt/publi catio ns
 18. Reef Base—http://www.reefb ase.org/globa l_datab 
ase/
 19. Reef Resiliency Network (RRN)—https ://reefr esili 
ence.org/
 20. Social Transformations Knowledge Repository 
(ICES)—http://ices.dk/commu nity/group s/Pages /
WGRME S-knowl edge-repos itory %201.aspx
 21. South Pacific Regional Environment Program 
(SPREP) virtual library—http://libra ry.sprep .org/
Pein/home/home.aspx
 22. The Nature Conservancy (TNC)—https ://www.
conse rvati ongat eway.org/
 23. United States Environmental Protection Agency 
(USEPA)—https ://www.epa.gov/nscep 
 24. United States Fish & Wildlife Service (USFWS)—
https ://nctc.fws.gov/resou rces/knowl edge-resou 
rces/
 25. United Nations Environment Programme 
(UNEP)—https ://www.unenv ironm ent.org/publi 
catio ns
 26. UNEP—World Conservation Monitoring Centre 
(WCMC)—https ://www.unep-wcmc.org/resou 
rces-and-data
 27. United Nations Environmental, Scientific and Cul-
tural Organization (UNESCO) Digital Library - 
https ://unesd oc.unesc o.org/libra ry
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 28. World Resources Institute (WRI)—https ://www.
wri.org/resou rces
 29. World Wildlife Fund (WWF)—https ://www.world 
wildl ife.org/pages /wwf-peer-revie wed-publi catio ns
 30. WorldFish Center—https ://www.world fishc enter 
.org/publi catio ns-resou rces
Estimating the comprehensiveness of the search
One main database, the Web of Science Core Collection, 
was used to test the search string and scoping search 
results are shown in Additional file 3. Various iterations 
of the search string were tested against a ‘benchmark’ 
list of 20 key studies (see Additional file 3: Table S3). The 
authors selected the list to represent a range of ecologi-
cal and social studies on coral reef ecosystems, covering 
a range of authors, journals, research projects, and geog-
raphies relevant to the scope of the question. The search 
was finalised once all the studies in the benchmark list 
were found. During the final scoping exercise, 6801 stud-
ies were returned using the search string’s final iteration, 
which matched all 20 benchmark studies. During each 
database search, alert services will be established to cap-
ture future updates by identifying and including relevant 
new studies published during the project. Amendments 
to the search string and search strategy during the review 
process will be reported in the final systematic map 
publication.
The term ‘coral’ is not always used in the title or 
abstract of social studies related to small-scale coral reef 
fisheries and marine conservation’s human dimensions. 
Subsequently, a separate list of social benchmark stud-
ies was developed to account for this important body of 
work. A ‘benchmark’ list of 10 key social study studies 
were selected to represent this body of work, covering a 
range of authors, journals, and research topics relevant to 
the scope of the question (see Additional file 3: Table S4). 
These studies will be used with non-search related meth-
ods to identify relevant studies to be included in this 
study. This will be conducted by using citation chasing, 
along with checking relevant bibliographies. We also aim 
to put out calls to the coral reef science community for 
relevant studies.
Assembling a library of search results
Studies from all bibliographic database search results 
will be combined with those from Google Scholar 
searches into the Zotero reference management soft-
ware. This software was chosen because the single-
click capture function used to download pdf versions of 
studies is compatible with more databases and websites 
than other similar software.
The CADIMA online review management tool (www.
cadim a.info) will be used to create a project workspace 
which will assist the Project Team in organising and 
managing the sources of evidence and the screening 
process. The tool is permanently hosted and maintained 
by Julius Kühn-Institut (JKI) and allows for upload of 
relevant titles and abstracts for candidate studies iden-
tified through the search strategy. CADIMA helps to 
structure and document the literature search by asso-
ciating a search string with a search engine, whilst the 
individual search results can be uploaded to CADIMA 
as RIS files [74]. The first key steps involve checking if 
all abstracts are entered for each retrieved reference 
and removing duplicates from the generated merged 
reference list.
Study screening and eligibility criteria
Screening process
The full list of studies will be screened for relevance 
using the eligibility criteria (listed below) by initially 
reviewing each study title and abstract text at the same 
time. Studies that meet the inclusion criteria will then 
be reviewed at the full text stage. Additionally, any 
studies with uncertainty about the relevance based on 
the title and abstract will be included and reviewed at 
the full text stage.
To ensure consistency between reviewers at each 
stage of the screening, the CADIMA software provides 
an automated calculation of a kappa-statistic to test 
inter-reviewer agreement when applying the defined 
criteria [75]. The observed agreement is placed in rela-
tion to the one being expected by chance using a value 
between 0 and 1 (where 0 = a weak agreement and 1 = a 
perfect agreement). When a reviewer is uncertain about 
including a study, it will be marked for a second opinion 
and will be screened by a second reviewer. Where more 
than one reviewer independently assesses studies  and 
inconsistencies between reviewers occur, they will be 
automatically identified by CADIMA and the respective 
reviewers asked to solve those conflicts. If necessary, the 
Project Team will meet to discuss inconsistencies to help 
improve the understanding of the inclusion criteria.
The estimated proportion of studies that will be ran-
domly screened and checked for consistency by two 
reviewers will be 10% at each of the title, abstract, and 
full text stages. Reviewers who have authored stud-
ies to be considered within the review will be prevented 
from unduly influencing inclusion decisions by delegat-
ing tasks related to these studies to other Project Team 
members.
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Eligibility criteria
The following inclusion criteria will be used to screen 
the relevance of studies to determine whether they will 
be assessed at the meta-data extraction stage:
Population: studies that include tropical and 
subtropical shallow  (between 0–30 m depth), and 
mesophotic (between 30–150  m depth) coral reef 
ecosystems.
Subject: studies focusing on tropical coral reef fish 
ecology and management.
Phenomenon of interest: spatial and temporal scales 
investigated and discussed within research studies.
Context: ecological, social, and socio-ecological 
research and management literature.
Eligible types of study design: primary research 
studies conducted by the authors that meet the follow-
ing criteria will be included:
• Studies that have observed or measured coral reef-
associated fish, live (surveyed in situ using ecologi-
cal methods), or dead (including catch landings, 
market surveys and archaeological fossil-remains).
• Purely social studies that do not encounter fish, but 
include surveys with fishers or community leaders 
about their fishing behaviour, changes in fish catch 
or consumption over time.
• Any quantitative or mixed method (quantitative 
and qualitative) study, including empirically tested 
data-driven theoretical models.
The following studies will be excluded:
• Purely qualitative research, theoretical, laboratory-
based, or modelling studies.
• Literature reviews which do not describe methods 
used for search, data collection, and synthesis.
• Editorials and commentaries, meta-analyses, sys-
tematic reviews, systematic maps, evidence gap 
maps.
• Literature published before 2010.
• Literature whose full texts exist in a language other 
than English.
A full list of studies excluded at full text stage will be 
provided in the final systematic map publication as an 
additional file including reasons for exclusion. Studies 
that cannot be located or accessed will also be reported.
Study validity assessment
Due to the likely number of studies and wide breadth of 
study designs, critical appraisal and assessment of the 
quality of studies will not be undertaken.
Data coding strategy
During the meta-data extraction process the free soft-
ware SysRev (http://sysre v.com/) will be used to provide 
a platform for collaborative extraction of data from the 
selected studies. Metadata will be extracted from each 
relevant study that satisfies the inclusion criteria using a 
standardised coding and data-extraction form (see Addi-
tional file 1). The authors reviewed and refined the form 
by conducting a pilot meta-data extraction study with the 
20 benchmark studies.
Using relevant studies, we will assess the research’s spa-
tial and temporal scale and the management recommen-
dations and inferences. Scale usually refers to the spatial 
(space) and temporal (time) dimensions of a pattern or 
process [76]. In landscape ecology, a measured variable’s 
spatial or temporal scale refers to the ‘resolution’ and 
‘extent’ [77]. ‘Resolution’ refers to the precision used in 
measurement, where ‘grain’ is the finest spatial resolu-
tion, or the size or duration of a single observation [76, 
78]. The ‘extent’ of the study area fixes the outer bound-
ary of the measured variable [77]. For example, benthic 
imagery collected in  situ by divers has high resolution 
(cm), but limited extent (10 m2), whereas satellite-derived 
temperature data (e.g. Pathfinder) has low resolution 
(4–5 km), but large extent (global).
In order to assess how well modern ecological research 
is achieving an all-inclusive and predictive understanding 
of ecosystems, Estes et  al. [6] quantified the spatial and 
temporal domains of empirical ecological observations 
that were published between 2004 and 2014. To do this 
they defined two additional dimensions for measuring 
temporal scale; the ‘interval’ (time elapsed between suc-
cessive temporal replicates) and ‘duration’ (time elapsed 
between first and last temporal replicates). The study 
evaluated how the actual scales of observation i.e. how 
much the measurement covers space and time, differ 
from the scales the observations attempted to represent. 
To do this they assessed the ‘actual extent’, the summed 
area of spatial replicates, and the ‘actual duration’ the 
summed observational time of temporal replicates. 
Accordingly, we will estimate the following dimensions 
of coral fish reef ecological, social and socio-ecological 
research using the terminology listed in Table 3.
In this instance, we define ‘replicate’ as the lowest 
level of independent observations collected from which 
mean and variance is calculated, or the scale at which 
the authors describe as “independent replicates” within 
their statistical framework. Although ‘sampling disper-
sion’ is the spatial equivalent of ’observational interval’ 
used for describing temporal scales, the Project Team 
decided not to incorporate it into this study given the 
complexities that coral reef ecosystems present when 
estimating areas of surveyable reef. These include 
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spatially complex distributions of heterogenous habitat 
types, in addition to the complexities associated with 
depth and 3D habitat structure.
When assessing social studies, the term ‘level’ is 
used for describing social system organization which 
has no explicit spatial or temporal dimensions [79]. 
For the purpose of this study, the Project Team devel-
oped a list of categories representing a progression of 
increasing levels of social organisation that have been 
used by other studies and roughly relate to particular 
spatial scales [10, 80, 81]. The Project Team tested the 
suitability of the categories and amended as necessary 
using 4 of the benchmark studies listed in Additional 
file 3: Table S3 [82–85]. The final list of levels in order 
of increasing social organisation are: Individual; House-
hold; Village; Community; User groups; Watershed; 
Sub-regional (island, district etc.); State governmental 
department (or similar); National governmental depart-
ment; Regional (e.g. Caribbean, South Pacific etc.); and 
International body. The chosen level of social organiza-
tion is relevant to our assessment of potential matches 
or mismatches and whether they are more common at 
certain levels. During the meta-data extraction phase 
there will be an opportunity to select multiple options 
if relevant to the particular study.
The following main categories of data will be 
extracted (see Additional File 1 for more detail):
• General information on the study, including year 
initiated, duration, location, and type of data col-
lected (ecological, social, socio-ecological), and if 
there are socio-ecological linkages included in the 
discussion.
• Ecological study details, including depth, habitat 
type, survey techniques [63], and methods [86], 
response variables measured, habitat associations 
investigated, ecosystem processes [87], and biologi-
cal characteristics [71] assessed in the study.
• Social study details, including type of data sources 
used, type of data collected, methods used in 
study [88], and social system characteristics being 
assessed (including demographic factors, econom-
ics (e.g., markets and trade), technological factors, 
knowledge, attitudes and values, and institutions 
and governance systems [20].
• The spatial and temporal scales of the study, drivers 
and management interventions (spatial resolution 
including total extent and actual extent, and tem-
poral interval including total duration and actual 
duration).
• Socio-ecological system components, including:
o Linkages between social factors and ecosystem 
conditions [20].
o Assessed and recommended management inter-
ventions addressed in study.
o Management effectiveness indicators (social and 
ecological) used in study [89].
Before the final meta-data extraction is initiated, con-
sistency checking will be conducted by all Project Team 
members. This will include at least 20 studies randomly 
assigned to multiple Project Team members. Any 
inconsistencies will be discussed, and the meta-data 
extraction coding list will be amended as required. If 
further inconsistencies arise during the review process, 
the Project Team members will meet to resolve the 
issues. As discussed in the screening criteria section, 
reviewers who have authored studies to be considered 
within the review will be prevented from unduly influ-
encing inclusion decisions, by delegating tasks related 
to these studies to other Project Team members. If 
Table 3 Definitions of spatial scale and temporal scale terminology to be used in this study (adapted from Estes et al. [6])
SPATIAL scale terminology Definition TEMPORAL scale terminology Definition
Sampling resolution Area of an individual spatial replicate. The 
finest scale at which a complete meas-
urement of every unit of the quantity 
of interest is recorded
Sampling duration How long it took to make one observation 
of the phenomenon in question, at a 
given point in space
Observational interval The time that elapsed between repeated 
observations of the same point in space 
or individual organism
Actual extent The summed area of all spatial repli-
cates (calculated by multiplying the 
sampling resolution by the number of 
spatial replicates)
Actual duration Summed observational time of all tempo-
ral replicates (calculated by multiplying 
the sampling duration by the number of 
repeat observations)
Total extent The total area enclosed within a perim-
eter defined by the outermost spatial 
replicates
Total duration The total period of time over which the 
phenomenon of interest was observed 
(between the first and last temporal 
replicate)
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studies are missing information or details need clari-
fying during the review process, the corresponding 
authors will be contacted by email.
Study mapping and presentation
The CADIMA tool will be used to document the review 
process and provides the following information and data 
formats:
• A flow diagram summarising the study selection pro-
cess;
• Reference lists for each database (xlsx) and the final 
reference list after duplicate removal (xlsx and RIS);
• The outcomes of the consistency check and study 
selection across the different stages (title, abstract, 
and full text) including the reasons for exclusion 
(xlsx);
• The filled meta-data extraction sheet (xlsx).
The project will follow a framework-based synthesis 
method to summarise the descriptive characteristics of 
the included studies according to the population, study 
designs, and outcomes, and will conduct additional anal-
yses such as looking at number of studies published per 
year [90, 91]. The meta-data extraction sheet will be for-
matted to produce summary data, figures, and tables to 
enable summarisation of key characteristics and trends. 
A data matrix will be developed to provide a graphical 
illustration of the distribution and frequencies of key 
data analysis results. Heat maps will be created to iden-
tify knowledge gaps of unrepresented or underrepre-
sented subtopics that warrant further primary research. 
Knowledge clusters (well-represented subtopics that are 
amenable to full synthesis via systematic review) will also 
be identified and reported. The graphics will build upon 
work conducted by Estes et al. [6] on similar questions in 
ecology focused journals between 2004 and 2014.
The data and code will be uploaded to an online open 
access data repository such as GitHub. The CADIMA 
tool will be used to make synthesis results available to 
third parties by displaying the documents on the web site 
and enable external users to download them.
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